Introduction
The finite-difference time-domain (FDTD) method is generally used in the simulation of transient sound fields [1] . In this study, numerical solutions of the sound pressure, the velocity potential, the particle velocity, the instantaneous sound intensity, the sound energy and the particle displacement have been obtained by the Courant-Friedrichs-Lewy scheme.
The transient sound fields have been displayed at regular intervals during the computation to give animated visualizations of the sound pressure distribution, etc. [2, 3] .
By similar procedures, the same acoustical parameters can be obtained in 3-dimensional space. In this paper, the visualization of 3-dimensional sound fields is shown by VRML97 (International standard ISO/IEC 14772-1:1997) [4].
Calculation method
The sound wave in a 3-dimensional sound field is described by the wave equation
where 0 is the velocity potential, and c is the sound velocity. The spatial and time derivatives in (1) can be approximated by the central finite differences of the second derivatives [3] with square grids (Áx ¼ Áy ¼ Áz, see Fig. 1 ),
where (2) is called Courant-Friedrichs-Lewy scheme. The equations of particle velocity are obtained by the central difference approximation of 0 in (2) with same grids:
where u, v and w are the particle velocities in x-, y-and zdirections respectively, and & is the density of the air. All boundaries are assumed to be rigid and therefore
In this paper, the initial conditions were assumed as the following equations (see Fig. 2 ).
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where, A is the amplitude of the sound source; a ¼ 3:4 m for the side lengths of the cubic sound field were set. In each axis, 11 points which divided each side of the cube into 10 equal segments in the equilibrium state (e.g. no sound energy in the field) were selected as focused particles. Under these initial and boundary conditions, the sound pressure and particle velocities at each grid point were calculated successively using Eqs. (2), (3), (4) and (5).
The solutions of particle displacement in x-, y-and zdirections were calculated by the numerical integration of particle velocities in x-, y-and z-directions, respectively [5] . The solutions of particle velocities can be calculated by Eqs. (3), (4) and (5).
In this paper, the initial displacements were assumed as the following equations. 
3. Visualization of particle motions Figure 3 shows the calculation results in the form of 3-dimensional ''snap shot'' in the time lapse after the initial time. Calculated values of the particle displacements were displayed in linear scale.
Black dots are located at the positions of each focused particles [3] . In the calculation, A ¼ 1:
for the spatial grid size and Át ¼ 0:1 [ms] for the discrete time step were set, but the values of particle displacements were
, -φ Fig multiplied by 20,000 because the estimated values were tiny.
In order to understand the sound fields visualized in Fig. 3 , sound pressure distributions on a surface of the cube were shown in Fig. 4 . The surface was xz-plane at y ¼ 3:4 [m], and was illustrated as a figure hatched in Fig. 2 .
It is observed by the visualization how each particle moves. This shows the efficiency of the method.
Conclusion
The 3-dimenstional sound fields were visualized by VRML97. Visualization by VRML ver.1.0 was reported in Ref. [6] . VRML ver.1.0 cannot display 3-dimensional animation, but can display only stationary figures. In this study, 3-dimensional animation can be displayed by VRML97.
The 3-dimensional representation has more information and leads to a deeper understanding as the 3-D representation is an advanced method of visualization. On the other hand, it is difficult, in this method, to accurately determine the quantities shown in the figure. This is easier to achieve in the 2-dimensional representation. 
